To evaluate the effects on lung function of asthma, time since diagnosis of asthma, and age at diagnosis of asthma, we examined school children in a cohort of 2,277 fourth-and seventh-graders at least twice during a 4-yr follow-up period. Sex-specific models for each lung function were fitted through mixed-effects models that used regression splines and captured age-dependent trends in the effect of asthma on lung function. In males, a history of asthma was associated with large and statistically significant deficits in maximum midexpiratory flow (MMEF) ( Ϫ 4.89%) and forced expiratory flow at 75% of expired FVC (FEF 75 ) ( Ϫ 6.62%), whereas in females these deficits were smaller ( Ϫ 1.93% and Ϫ 2.45%, respectively) and were not statistically significant. However, larger deficits were seen in both males and females with longer time since diagnosis. In males with more than 6 yr since diagnosis, there were significant deficits in FEV 1 ( Ϫ 3.91%), MMEF ( Ϫ 7.39%), FEF 75 ( Ϫ 8.12%), and peak expiratory flow rate (PEFR) ( Ϫ 4.65%) as compared with children with less than 3 yr since diagnosis. There were fewer females with more than 6 yr since diagnosis, but deficits were similar to those of males for FEV 1 ( Ϫ 2.52%), MMEF ( Ϫ 9.26%), and FEF 75 ( Ϫ 14.28%). Large deficits in flow rates in both large and small airways were observed in males and females for whom asthma was reported to have been diagnosed before age 3 yr. There was little evidence that lung growth in children with asthma "catches up" at older ages. Therefore, because a constant percent deficit in lung function implies an increasingly large absolute deficit in older children with larger lungs, these results are consistent with prior evidence that lung function deficits in children with asthma persist into adulthood. We also suggest that in children, commonly observed differences between sexes in the impact of asthma on lung function may reflect differences in the duration and age of onset of asthma in males and females.
Asthma prevalence in the United States has been increasing at least since 1979 (1) . Most of this increase has occurred among children under 18 yr of age, who constitute two-thirds of the 18-million Americans with asthma. Although it is well known that lung function is reduced during an asthma attack, the chronic effects of asthma on lung function have been examined in only a few prospective studies, which suggest that persistent deficits occur (2) (3) (4) (5) (6) (7) (8) . Because the pattern of lung function growth varies and the occurrence of asthma differs in boys and girls of different ages, the persistent effect of asthma may vary in boys and girls. Two recent studies have reported conflicting results on sex differences in the effect of asthma on level of lung function (7, 8) . In one of these studies, a larger percent deficit in FEV 1 was seen in males than in females with asthma (among children 6 to 18 yr of age who were examined annually between 1974 and 1989) (7) . In contrast, longitudinal evaluation of an East Boston cohort found a deficit in FEV 1 only among females (8) . Two potentially important factors in the natural history of asthma, duration and early age at onset (9, 10), were not explicitly examined in previous longitudinal studies of lung function, and may have accounted for these inconsistencies.
To investigate patterns of lung function in male and female asthmatic children, we evaluated the effect of time since diagnosis, age at diagnosis, and medication (inhaler) use among adolescent school children in a cohort participating in the Southern California Children's Health Study (11) . The potential insight into the pattern of growth in pulmonary function (PF) among a population-based sample of asthmatic children as they approach adulthood is a major strength of this study. We used a flexible mixed-effects regression spline model to characterize the complex, nonlinear relationship of age, height, and PF with the age-related trend in lung function deficit associated with asthma.
METHODS

Study Design
The University of Southern California and California Air Resources Board Children's Health Study includes 12 communities within a 200-mile radius of Los Angeles. Details on the design, site selection, subject recruitment, and assessment of health effects in the study are reported elsewhere (12) . Briefly, a total of 3,681 asthmatic and nonasthmatic children, approximately 50% of whom were fourth graders, 25% seventh graders, and 25% tenth graders, entered the study in early 1993. At baseline, a parent or guardian of each participating child provided written informed consent and completed a written questionnaire. This provided detailed information on demographics, history of respiratory illness and its associated risk factors, exposure information, and household characteristics. In the spring of 1993 and in each subsequent year, an update questionnaire was completed by each child, and PF testing was conducted. A telephone callback substudy was also conducted, in the summer of 1993, to determine the type and pattern of medication used by 205 asthmatic children. The research protocol for the study was approved by the Institutional Review Board of the University of Southern California. This report is limited to data from the first 4 yr of follow-up on the members of the fourth-and seventh-grade cohorts for whom there was adequate information on asthma characteristics. The data set for final analysis excluded 51 children for whom complete information on asthma was not available, and 20 children who had reported cystic fibrosis or severe chest injury before age 2 yr.
Each child was asked to perform up to seven maximum forced expiratory flow-volume maneuvers while breathing through a rolling-seal spirometer (Spiroflow; P.K. Morgan Ltd., Gillingham, UK), as previously described (11) . Data were then extracted on FVC, FEV 1 , maximum midexpiratory flow (MMEF), forced expiratory flow rate at 75% of expired FVC (FEF 75 ), and peak expiratory flow rate (PEFR). The calibrations of the six spirometers used in the study were checked just before, during, and after each day's testing session with flow-volume syringes (Jones Medical Instrument Co., Oak Brook, IL). Details of the quality control and data management procedures used have been previously reported (11) .
Definitions of Asthma
A subject was defined as having asthma if a parent/guardian, in the baseline questionnaire, answered "yes" to the question "Has a doctor diagnosed your child with asthma?" or if the child answered "yes" to the question "Has a doctor ever said you had asthma?" during PF testing. The subjects were initially categorized into two groups, according to their asthma status at each PF testing period. The age at diagnosis of asthma was determined from the questionnaire for children who had physician-diagnosed asthma at baseline, and by designating the middle of the previous year as the age at diagnosis for those who reported physician-diagnosed asthma during follow-up. Duration of asthma, which was essentially the time since diagnosis, was calculated by subtracting age at diagnosis from age at the study visit for PF testing. Medication use for each year was assessed on the basis of a child's report of whether he or she used an inhaler for asthma. Asthmatic children were classified into subgroups based on age at diagnosis (with age categories of 0 to 2 yr, 3 to 5 yr, 6 to 9 yr, and 10 yr or more) and duration since diagnosis of asthma (with categories of 0 to 2 yr, 3 to 4 yr, 5 to 6 yr, and more than 6 yr), as described in the literature. To assess the combined effect of asthma duration and inhaler use, the asthmatic children were also classified into four mutually exclusive subgroups according to duration of asthma (low: р 4 yr, and high: Ͼ 4 yr) and medication (inhaler) use (yes/no).
Definitions of Smoking
Children who at any given visit reported smoking Ͼ 100 cigarettes in their lifetime were classified as smokers. Environmental tobacco smoke (ETS) exposure was based on reports of current and past smoking status of each child's mother, father, other adult household members, and regular household visitors. Both of these binary variables were considered as potential confounders in the models used in the study.
Data Analysis
Descriptive statistics and sex-specific initial comparisons between subjects excluded or lost to follow-up and those included in the data analysis were made with respect to baseline characteristics via chisquare testing for association in contingency tables. Asthmatic children were compared through analysis of variance with nonasthmatic children with respect to physical and physiologic characteristics such as age, height, and weight.
The relationships between PF in children and physiologic measures such as age and height (HT) have been shown to be highly complex (7, 13) . These relationships may not be adequately characterized by lin- earity or any other simple parametric form. Preliminary analysis of the data from the present study, and results of similar studies (13) , have shown that although the relationship between log PF and log height (log HT) appears to be linear within short age intervals, the slopes and intercepts of this relationship tend to change with age. In order to properly account for dependence caused by repeated measurements made on the same child, and to capture the nonlinear and complex relationship between PF, age, and height, we fitted mixed-effects models that used spline terms for the age-dependent intercepts and slopes for height (14) . All of the fitted models had the following general form:
where AGE is age, and c, i, j, and g denote the community, child, year of visit, and asthma group, respectively. In the foregoing model, a i denotes a child-specific random intercept assumed to be normally distributed, with zero mean and finite variance 2 a ; I g denotes a dummy variable for the gth asthmatic group; and X cij includes a set of potential confounders, including community, school grade, technician, spirometer, race/ethnicity, room temperature, barometric pressure, body mass index (BMI), respiratory infection at PF testing, and severe chest illness before age 2 yr. Exercising during the 30 min before PF testing, membership in a health insurance plan, personal smoking, and ETS exposure were also considered as potential confounders. The primary parameters of interest were the main effect ( ␣ g ) for an asthmatic group g, which characterizes a parallel percent deficit/gain in PF compared with the baseline PF of the group of nonasthmatic subjects (or other reference group), and the effect of the asthma ϫ AGE term ␤ g , which reflects whether the percent deficit/gain in PF levels of asthmatic children varies with age. The child-specific random intercepts implicitly account for initial PF levels. Note that the models are additive on the logrithmic scale (and are hence multiplicative on the raw scale). Therefore, we give model results in terms of parallel percent differences ([exp( ␣ g ) Ϫ 1] ϫ 100) from the reference curve at the mean age, and in terms of percent deviations ([exp( ␤ g ) Ϫ 1] ϫ 100) from parallelism. Analogous 95% confidence intervals are defined in a similar fashion.
All models were fitted separately by sex. The main effect of age (f 1 ), designed to show the age-specific intercepts of the log(PF) versus log(HT) relationship, and the slope of the log(HT) covariate (f 2 ), designed to show the age-specific slopes of the log(PF) versus log(HT) relationship, are given as unspecified smooth functions of age, and are estimated by using the adequately flexible and yet inherently parametric regression splines (15) . The regression splines fit piecewise polynomials that are joined smoothly at the cutpoints, known as knots, and have the advantage of reducing to the well-established linear modeling framework once the number and position of the knots are determined. This has the advantage of allowing appropriate statistical inference while capturing the nonlinear relationships in the data (13) . Initially, a knot was placed at each integral age. However, the final models were fitted by using knots at ages 12 and 14 yr for males and at ages 10, 12, 14, and 16 yr for females, leading to a more parsimonious model with essentially the same results.
Sex-specific models were fitted with the model just described, using white race/ethnicity and nonasthmatic subjects as the reference categories for race/ethnicity and asthma, respectively. Continuous covariates, such as room temperature, barometric pressure, and age were centered at their mean values. All analyses were done with the Splus statistical software package (Mathsoft Inc., Seattle, WA) (16) .
RESULTS
The data set used for analysis consisted of 2,277 children (1,172 female and 1,105 male) who met the inclusion criteria. The 239 female and 204 male children from the original cohort who were excluded from the analysis because they did not have at least two PF testing visits were, irrespective of sex, more likely to be of black or Hispanic ethnicity, with greater ETS exposure and without health insurance ( Table 1 ). The excluded females were also less likely to have reported wheezing at baseline, whereas the excluded males were more likely to come from the fourth-grade cohort. The ages at entry (in years) for the fourth-and seventh-grade cohorts were 10.1 Ϯ 0.6 yr (mean Ϯ SD) and 13.1 Ϯ 0.5 yr, respectively. The ranges in age (at entry) were 8.4 to 12.0 yr and 11.7 to 14.8 yr for the fourth-and seventh-grade cohorts, respectively. Males in the two cohorts had a greater reported rate of physician-diagnosed asthma than did females, although the difference was smaller in the seventh-grade cohort ( Table 2 ). The mean (and median) duration of asthma (in years) were longer in males. Asthmatic children, including those who had their disease diagnosed during the course of the study, appear to have had a similar pattern of participation in follow-up examinations to that of nonasthmatic children.
There was no difference between asthmatic and nonasthmatic children with respect to baseline age, height, and weight, with the exception that males who had asthma diagnosed during the course of the study were younger at baseline by approximate 4 mo (data not shown).
The results given by the initial sex-specific models that were fitted for all children to evaluate the overall effect of asthma on FVC, FEV 1 , MMEF, FEF 75 , and PEFR are summarized in Table 3. The greatest effects of asthma were seen in males. Males with asthma had a Ϫ 4.89% deficit in MMEF (p Ͻ 0.01) and a Ϫ 6.62% deficit in FEF 75 (p Ͻ 0.01), with no significant trend toward improvement in these measures with increasing age (Table 3). The curves for MMEF with growth for males are given in Figure 1 , in terms of absolute differences between nonasthmatic and asthmatic children, and show the deficit in asthmatic children. Of note is the greater absolute difference in MMEF at older ages, even though the percentage deficit remained the same. There was a Ϫ 1.57% deficit for PEFR (p ϭ 0.07), but there was also a significant trend toward improved PEFR levels (0.77% per year after 12.8 yr of age). This indicates that PEFR levels for males were improving and catching up to the level for nonasthmatic males. For females, the direction of the effects in the study measures was consistent with that for males, but none of the models showed any significant deficit. The MMEF Definition of abbreviations: CI ϭ confidence interval; FEF 75 ϭ forced expiratory flow at 75% of FVC; MMEF ϭ maximum midexpiratory flow; PEFR ϭ peak expiratory flow rate; PFT ϭ pulmonary function testing.
* All models are adjusted for age and height via flexible nonlinear terms. The models are also adjusted for community, technician, spirometer, group, ethnicity (white as baseline), respiratory infection at PFT, room temperature, barometric pressure, chest illness before age 2 yr and body mass index. Asthma effects are reported as comparisons with nonasthmatic subjects.
† p Ͻ 0.01. Definition of abbreviations: FEF 75 ϭ forced expiratory flow at 75% of FVC; MMEF ϭ maximum midexpiratory flow; PEFR ϭ peak expiratory flow rate. * All models are adjusted for age and height via flexible nonlinear terms. The models are also adjusted for community, technician, spirometer, group, ethnicity (white as baseline), respiratory infection at pulmonary function testing, room temperature, and barometric pressure.
† Asthma effects are reported as comparisons with asthmatics with subjects with disease of 0-2 yr duration.
‡ Time since diagnosis, relative to 0 to 2 yr. § Asthma effects are reported as comparisons with asthmatic subjects with short duration of asthma and no recent medication use (short duration: р 4 yr, long duration:
growth curves for nonasthmatic and asthmatic females, and their differences in absolute terms, are shown in Figure 2 . The potential effect of inhaler use and its interaction with duration of asthma were examined in models that included only asthmatic males (Table 4 ) and asthmatic females (Table  5) . In asthmatic males, a significant deficit in the level of PF was associated with long duration of asthma (more than 4 yr) for all five pulmonary function measures examined in the study (Table 4) . Moreover, the deficits were greatest for asthmatic males who had physician-diagnosed asthma for more than 4 yr and who used an inhaler (during the last year), for MMEF (Ϫ6.64%, p Ͻ 0.05), FEV 1 (Ϫ2.11%, p ϭ 0.13), FEF 75 (Ϫ7.77%, p Ͻ 0.05), and PEFR (Ϫ3.67%, p Ͻ 0.05) ( Table 4) .
In asthmatic females, longer duration of asthma (Ͼ 6 yr) was associated with a significant deficit (p Ͻ 0.01) in MMEF and FEF 75 (Ϫ9.24% and Ϫ14.42%, respectively). These deficits, however, were more evident in children who had physician-diagnosed asthma for more than 4 yr and who reported using an inhaler for their asthma (Table 5 ). Our ability to examine the effect of longer duration of asthma and inhaler use in females was limited by the relatively few females who had asthma of long duration.
In the models that we used to examine the effect of inhaler use and duration of asthma (Tables 4 and 5 ), the reference group was the group with "short duration, no medication." In order to determine whether inhaler use was a good indicator of asthma activity, we examined its relationship with extensive information on asthma activity available at baseline and in the final year of the study. At baseline, 41% of the children in the short duration/no medication group reported wheezing during the previous 12 mo, probably suggesting bronchial hyperreactivity. However, 15.5% of the children in this group reported having "some" asthma in the previous 12 mo. At the last follow-up visit, 26% of the children in this group reported having symptoms such as chest tightness, coughing, or shortness of breath in the previous 12 mo.
At baseline, 65% of the children in the "long duration/no medication" group reported wheezing in the previous 12 mo, and 45% also reported having some asthma in the same period. At the last follow-up visit, 32% of the children in the long duration/no medication group reported having symptoms in Definition of abbreviations: FEF 75 ϭ forced expiratory flow at 75% of FVC; MMEF ϭ maximum midexpiratory flow; PEFR ϭ peak expiratory flow rate. * All models are adjusted for age and height via flexible nonlinear terms. The models are also adjusted for community, technician, spirometer, group, ethnicity (white as baseline), respiratory infection at pulmonary function testing, room temperature, and barometric pressure.
† Asthma effects are reported as comparisons with asthmatic subjects with asthma of 0 to 2 yr duration.
‡ Time since diagnosis, relative to 0 to 2 yr. § Asthma effects are reported as comparisons with asthmatic subjects with short duration of asthma and no recent medication use (short duration: р 4 yr, long duration: Ͼ 4 yr).
ʈ p Ͻ 0.05. Definition of abbreviations: CI ϭ confidence interval; FEF 75 ϭ forced expiratory flow at 75% of FVC; MMEF ϭ maximum midexpiratory flow; PEFR ϭ peak expiratory flow rate; PFT ϭ pulmonary function testing. * All models are adjusted for age and height via flexible nonlinear terms. The models are also adjusted for community, technician, spirometer, group, ethnicity (white as baseline), respiratory infection at pulmonary function testing, room temperature, barometric pressure, chest illness before age 2 yr, and body mass index. Asthma effects are reported as comparisons with nonasthmatic subjects.
† p Ͻ 0.05. ‡ p Ͻ 0.01.
the previous 12 mo, such as chest tightness, coughing, or shortness of breath. Thus, the lack of inhaler use was not a good indicator that asthma was inactive.
In the groups that reported use of an inhaler for asthma, the number of children with disease activity was considerably higher than that of children who did not use an inhaler for asthma. At baseline, 85% of those who had asthma of short duration reported wheezing in the previous 12 mo, whereas 90% reported having some asthma. Similarly, 92% of children with asthma of long duration reported wheezing, whereas 94% reported having some asthma. These patterns also held at the last follow-up visit. Therefore, the reported use of an inhaler is a useful longitudinal indicator of disease activity.
A substudy of types and patterns of medication used for asthma found that 24% of children in the group with asthma of long duration with medication reported using both ␤-agonists and steroids, 6% used steroids only, and 55% used ␤-agonists only, whereas 15% used no medication at all. Thus, 70% of the children in this group used ␤-agonists only or used no medication at all.
Among male subjects, those who had asthma diagnosed before age 3 yr had significant deficits in their levels of MMEF (Ϫ18.83%, p Ͻ 0.01), FEV 1 (Ϫ4.98%, p Ͻ 0.05), FEF 75 (Ϫ23.77%, p Ͻ 0.01), and PEFR (Ϫ6.47%, p Ͻ 0.05). Male children in whom asthma was diagnosed later (ages 6 yr and up) also showed significant deficits in MMEF and FEF 75 (Table 6). These deficits were slightly greater for children who had asthma diagnosed when they were 6 to 9 yr old (Ϫ7.30% and Ϫ8.83% for MMEF and FEF 75 , respectively) than for those who had asthma diagnosed when they were у 10 yr old (Ϫ6.49% and Ϫ6.91% for MMEF and FEF 75 , respectively) ( Table 6 ). The trend effect of asthma ϫ AGE indicated that the deficit in children who had asthma diagnosed when they were 6 to 9 yr old increased with age at the approximate rate of Ϫ1%/yr, Ϫ0.6%/yr, and Ϫ1.4%/yr for FEV 1 , FVC, and PEFR, respectively. The improvement in PEFR with age for males with asthma first diagnosed before age 3 yr (Table 6 ) appears to have been largely responsible for the time-dependent trend in PEFR "catching up" to that of males without asthma at older ages (Table 3 ). There was no indication of reversal of the deficits in levels of PF seen in males with asthma diagnosed when they were 0-2 yr old and у 6 yr old, with the exception of PEFR, for which there was a 2.76%/yr improvement (Table 6 ).
Asthmatic females who had asthma diagnosed before age 3 yr had a Ϫ15.66% (p Ͻ 0.01) deficit in their level of MMEF and a Ϫ22.82% (p Ͻ 0.01) deficit in their level of FEF 75 (Table 7) . Similarly, asthmatic females who had asthma diagnosed when they were у 10 yr old, in most of whom it was diagnosed during the follow-up years of the study, had significant deficits in all measures of PF except FVC (i.e., Ϫ5.67%, Ϫ2.47%, Ϫ6.75%, and Ϫ3.86% for MMEF, FEV 1 , FEF 75 , and PEFR, respectively) ( Table 7 ). There was very little evidence of any greater percent deficit or improvement in PF at older ages ( Table 7) .
All of the models previously discussed were reanalyzed by adding smoking, ETS exposure, access to health care insurance, and exercising 30 min before PF testing as potential confounders. The effect of asthma on PF was found to be insensitive to the inclusion of these potential confounders (data not shown), and hence they were not included in the final models.
DISCUSSION
Duration of asthma from the time of its reported diagnosis was an important determinant of deficits in measures of both large and small airways function in males, and of deficits in small airways function (MMEF and FEF 75 ) in females. The shorter duration of asthma in females accounted for at least part of the observed difference between the overall effect of asthma in males and females. Confounding by town of residence, ethnicity, and other factors did not explain the results.
The effect of duration of asthma from its reported diagnosis has not been studied extensively in children, but the foregoing results are compatible with reported effects of duration of asthma on FEV 1 in selected children with asthma (9, 17) . In the Childhood Asthma Management Program study of children with mild to moderate asthma, FEV 1 as a percent of the predicted value was lower if the duration of asthma was longer, although the effect of duration was greater in males (9) . Longer duration of asthma may also result in more modest improvement in response to treatment with inhaled corticosteroids (17) . Our results are not directly comparable with those of the population-based cohort study done by Gold and coworkers (7) . However, among those children in our study with a longer time since the diagnosis of asthma, the effect was similar to the overall pattern of deficits reported by Gold and coworkers (showing significant effects of asthma on FEV 1 , which were greater in males). Further study of the role of duration of asthma as a determinant of lung function is warranted, and might help clarify seemingly inconsistent reports of greater deficits in lung function in girls than in boys with asthma, as reported by Weiss and coworkers (8) .
Among males with asthma of more than 4 yr duration, those reporting use of an inhaler for asthma in the previous year had almost twice the deficit in all flow rates of children not using an inhaler, an association with medication use that has also been noted by other investigators (7) . A detrimental effect of medication is unlikely, and our results suggest that Definition of abbreviations: CI ϭ confidence interval; FEF 75 ϭ forced expiratory flow at 75% of FVC; MMEF ϭ maximum midexpiratory flow; PEFR ϭ peak expiratory flow rate; PFT ϭ pulmonary function testing. * All models are adjusted for age and height via flexible nonlinear terms. The models are also adjusted for community, technician, spirometer, group, ethnicity (white as baseline), respiratory infection at pulmonary function testing, room temperature, barometric pressure, chest illness before age 2 yr, and body mass index. Asthma effects are reported as comparisons with nonasthmatic subjects.
† p Ͻ 0.01. ‡ p Ͻ 0.05.
this deficit reflected the more active disease observed in children requiring medication. Because many children in our study who were not using an inhaler (at baseline) actually had had recent disease activity, the real deficits in lung function associated with recent disease activity may have been even larger than those observed for inhaler users versus nonusers.
There were large deficits in levels of PF among males with asthma of more than 4 yr duration since diagnosis, even if they did not require use of an inhaler ( Table 4) . As compared with males without asthma, these deficits were significant for all lung function measures, except FVC and PEFR (results not tabulated). These results are consistent with the finding of persistent deficits in flow rates that were not responsive to bronchodilators (6) . Airway remodeling resulting from persistent inflammation has been demonstrated in both the experimental and clinical setting, and is a plausible mechanism for irreversible deficits in flow rates associated with asthma (18, 19) . However, because many of the children in our study who were not using an inhaler had recent disease activity (at baseline), it is also possible that the deficits associated with asthma of long duration without medication were a result of untreated reversible bronchospasm, rather than being fixed deficits caused by airway remodeling. It is remarkable that so few of the children receiving treatment were receiving inhaled steroids, suggesting that undertreatment of asthma may have been an important contributor to the deficits observed in our study.
The impact of asthma on lung function in adolescence was most pronounced among children in whom asthma was diagnosed before age 3 yr, a group with mean flow rates in small airways that were only about 80% of those in children without asthma. In a cohort of children followed from birth, Martinez and associates observed that children with wheezing illness before age 3 yr had lower levels of PF at age 6 yr, whether they had asthma or not (10) . However, it is unlikely that the children in our study with early diagnoses of asthma were misdiagnosed cases of transient early wheezing, because 79% of the males and 92% of the females in this group reported continued wheezing at age 6 yr, and more than half of the males and two-thirds of the females reported wheezing during the year before their initial interview in the fourth or seventh grade. These results are consistent with those of a study of Australian school children, which found that most of those who had severe asthma at age 14 yr, and concomitant significant deficits in FEV 1 , had had their asthma diagnosed before age 3 yr (20) . Among children followed into adulthood, FEV 1 and FEV 1 / FVC were reduced to a greater extent in those with asthma onset at an early age (6) . However, as in our study, recall of age of diagnosis, assessed retrospectively in these studies, may have been biased, and may have resulted in parents preferentially remembering particularly severe initial presentations of asthma at an early age or being more likely to report an earlier age at onset for particularly severe asthma that in fact first occurred at a somewhat older age. However, in our study, recent wheezing at the time of completion of the baseline questionnaire was no more frequent among children with a reported diagnosis of asthma before age 3 yr than among those with diagnosis at a later age.
On the log scale, there were no remarkable age-related trends in lung function that suggested improving or deteriorating lung function, with the exception of a significant deterioration in later years both in lung volume and flow rates in males with asthma diagnosed between ages 6 and 9 yr, and an opposite trend in PEFR in males, depending on the age of diagnosis. A similar pattern to that observed in the group with asthma diagnosed between ages 6 and 9 yr was observed in the Australian cohort, in which a large FVC in childhood declined to normal by age 21 yr (5). We have no explanation for the anomalous trends in PEFR. However, these age-related trends in lung function, which vary by age at diagnosis and are apparent only in boys, warrant further investigation.
Limitations to our study included the self reporting of physician-diagnosed asthma, which was not validated directly against physician records, bronchial hyperreactivity, or some similar objective measurement. Therefore, it was not possible to independently verify the relatively high cumulative report of a diagnosis of asthma at any time since birth (20.4% to 24.4%, depending on grade and sex; Table 2 ). To the extent that asthma may have been overreported, our results may have underestimated the effect of true asthma on PF. However, we used a standard definition for asthma, based on a standardized questionnaire used widely in epidemiologic studies in the United States. Our results can therefore be generalized to other populations in the United States (21) . In addition, self reporting has been found to reflect what physicians actually report to patients, at least among adults (22, 23) , and physician assessment of asthma has been recommended as the "gold standard" for this disease, for which a more precise diagnosis is not available (24) . Differential loss to follow-up among asthmatic children in our study, especially if it occurred according to severity of illness and age at diagnosis, might have biased the observed estimates of effects of asthma on PF, and especially the estimates of age-related trends. However, children with both prevalent and newly diagnosed asthma appear to have had patterns of participation in follow-up examinations that were similar to those of children without asthma (Table 1) . Another limitation of the study was the lack of complete longitudinal information that would have made it possible to evaluate the modulating effect of different types of medication on lung function deficits.
The generally constant percent deficit in lung function in the group of asthmatic children in our study as they approach adulthood implies an increasing absolute deficit in lung function in older asthmatic children because older children have larger lungs. According to our results, for example, a male with a Ϫ4.89% deficit (Table 3) in MMEF at age 10.1 yr (the mean age of our fourth-grade cohort at entry) and an average height (140.3 cm) would have had an absolute deficit in MMEF of Ϫ113.5 ml, but by 15 yr of age (average height: 170.2 cm), this deficit would be Ϫ187.2 ml for the same Ϫ4.89% deficit in MMEF. The lack of recovery of deficits with age, at least for small airways, adds to the evidence from the few studies that have followed asthmatic children into adulthood suggesting that deficits persist, at least among some subgroups (2-4, 25, 26) . In the Netherlands and in Scotland, FEV 1 among asthmatic children was predictive of adult FEV 1 (3, 4, 26) . Australian children who subsequently reported frequent wheezing at age 28 yr had an accelerated decline in respiratory function (2). Among British children followed from 0 to 35 yr of age, those with asthma of early onset and persistent wheezing had significant reductions in FEV 1 and FEV 1 /FVC in adulthood, which were only partly reversible by ␤-agonists (25) . Clinical studies demonstrating airway remodeling as a result of persistent inflammatory effects of undertreated asthma identify a possible underlying pathophysiologic basis for these deficits, and are the basis for chronic treatment designed to reduce such persistent deficits (27, 28) .
As affected children reach adulthood and old age, the probable consequences of the current epidemic of childhood asthma in the United States are unknown. However, the deficit associated with persistence of asthma into adulthood has been reported to be greater than that associated with smoking (6). Among adults with asthma, there is evidence that on ac-celerated decline in FEV 1 occurs with age (29, 30) . Moreover, although the relationship between asthma and chronic airway obstruction is not altogether clear, deficits in FEV 1 in adults with chronic airways obstruction are predictive of mortality (31, 32) . Better understanding of the pattern of lung growth and morbidity associated with asthma throughout life might help guide and evaluate treatment strategies designed to reduce the morbidity associated with this disease.
